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NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The thermal insulation coat characterized by being the thermal insulation coat of the 
thermophylic-proof given on the surface of a processed material, and being the titanic-acid calcium 
(CaTi03) layer in which the above-mentioned thermal insulation coat was formed of the spraying 
process. 

[Claim 2] The thermal insulation coat characterized by coming to add yttria stabilized zirconia (YSZ) in 
the above-mentioned titanic-acid calcium layer in claim 1 . 

[Claim 3] The thermal insulation coat characterized by the addition of the above-mentioned yttria 
stabilized zirconia (YSZ) being below 10 volume % in claim 2. 

[Claim 4] The thermal insulation coat which is a thermal insulation coat of the thermophylic-proof given 
on the surface of a processed material, and is characterized by the above-mentioned thermal insulation 
coat consisting of the 1st coat which consists of a titanic-acid calcium layer formed of the spraying 
process, and the 2nd coat which consists of a yttria-stabilized-zirconia (YSZ) layer formed in the front 
face of the 1st coat of the spraying process. 

[Claim 5] The thermal insulation coat which is a thermal insulation coat of the thermophylic-proof given 
on the surface of a processed material, and is characterized by the above-mentioned thermal insulation 
coat consisting of the 1st coat which consists of a nickel oxide layer formed of the spraying process, and 
the 2nd coat which consists of a titanic-acid calcium layer formed in the front face of the 1st coat of the 
spraying process. 

[Claim 6] The thermal insulation coat characterized by the above-mentioned spraying process being a 
plasma metal spray method in claim 1 thru/or any 1 term of 5. 

[Claim 7] The thermal insulation coat characterized by the above-mentioned processed material being 
the combustion chamber of a gas turbine aerofoil or an internal combustion engine in claim 1 thru/or any 
1 term of 5. 

[Claim 8] The thermal insulation coat formation approach which is the thermal insulation coat formation 
approach of giving the thermal insulation coat of the thermophylic-proof on the surface of a processed 
material, and is characterized by forming the coat of a titanic-acid calcium (CaTi03) layer by the 
spraying process on the surface of a processed material. 

[Claim 9] The thermal insulation coat formation approach characterized by adding yttria stabilized 
zirconia (YSZ) in claim 8 in case thermal spraying of the titanic-acid calcium is carried out to the front 
face of the above-mentioned processed material. 

[Claim 10] The thermal insulation coat formation approach characterized by the addition of the above- 
mentioned yttria stabilized zirconia (YSZ) being below 10 volume % in claim 9. 
[Claim 1 1] The thermal insulation coat formation approach which is the thermal insulation coat 
formation approach of giving the thermal insulation coat of the thermophylic-proof on the surface of a 
processed material, and is characterized by forming in the front face of the 1st coat the 2nd coat which 
consists of yttria stabilized zirconia (YSZ) by the spraying process after forming in the front face of the 
above-mentioned processed material the 1st coat which consists of a titanic-acid calcium layer by the 
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spraying process. 

[Claim 12] The thermal insulation coat formation approach which is the thermal insulation coat 

formation approach of giving the thermal insulation coat of the thermophylic-proof on the surface of a 

processed material, and is characterized by forming the 2nd coat of a titanic-acid calcium layer in the 

front face of the 1st coat by the spraying process after forming the 1st coat of a nickel oxide layer in the 

front face of the above-mentioned processed material by the spraying process. 

[Claim 13] The thermal insulation coat formation approach characterized by the above-mentioned 

spraying process being a plasma metal spray method in claim 8 thru/or any 1 term of 12. 

[Claim 14] The thermal insulation coat formation approach characterized by the above-mentioned 

processed material being the combustion chamber of a gas turbine aerofoil or an internal combustion 

engine in claim 8 thru/or any 1 term of 13. 

[Claim 15] The gas turbine aerofoil characterized by being obtained by the thermal insulation coat 
formation approach of claim 8 thru/or any 1 term of 13. 

[Claim 16] The combustion chamber of the internal combustion engine characterized by being obtained 
by the thermal insulation coat formation approach of claim 8 thru/or any 1 term of 13. 



[Translation done.] 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.* ** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the thermal insulation coat formation approach given in 
order to protect from heat the member used at the elevated temperature of for example, a gas turbine 
aerofoil or a diesel-power-plant combustion chamber, or in order to make it heat not escape. 
[0002] 

[Background of the Invention] The zirconia system ceramic (especially yttria stabilized zirconia 
(henceforth " YSZ")) is used for the conventional thermal insulation coat. Since the above-mentioned 
ingredient is low- fever conductivity, although it is excellent in thermal insulation nature, an upper limit 
is about 800 degrees C, and it has the problem that the phase transformation from which the crystal 
structure etc. changes occurs, in the elevated temperature exceeding 1000 degrees C. In order to cause a 
volume change as a result of generating of this phase transformation, there is a problem of becoming it 
being easy to make coating producing a crack and exfoliation. Therefore, the life of coating in the 
elevated temperature exceeding 1000 degrees C cannot be expected, but has the problem that the 
application as a thermal insulation coat to for example, a gas turbine aerofoil or a diesel-power-plant 
combustion chamber in an elevated temperature etc. is difficult. 

[0003] Moreover, generally, the coefficient of linear expansion of a zirconia system ceramic (YSZ) is 
before and after 10xlO-6/K, and the coefficient of linear expansion of the metallic material used on the 
other hand as a base material which is generally a processed material is before and after 12 - 16xlO-6/K. 
For this reason, since the coefficient-of-linear-expansion difference of a YSZ coating layer and a base 
material becomes large, consequently the thermal stress generated at the time of use also becomes large, 
it becomes that it is easy to make coating produce a crack and exfoliation, and there is a problem that a 
long life is not expectable. 

[0004] This invention makes it a technical problem not to generate a phase transformation but to offer 
the thermal insulation coat formation approach that coefficient of linear expansion is high, also at the 
elevated temperature given in order to protect the ingredient which constitutes a member from heat in 
view of the above-mentioned problem in the member used at elevated temperatures, such as a gas 
turbine aerofoil and a diesel-power-plant combustion chamber, or in order to make it heat not escape 
besides a member. 
[0005] 

[Means for Solving the Problem] Invention of the 1st thermal insulation coat which solves said technical 
problem is the thermal insulation coat of the thermophylic-proof given on the surface of a processed 
material, and is characterized by being the titanic-acid calcium (CaTi03) layer in which the above- 
mentioned thermal insulation coat was formed of the spraying process. 

[0006] 2nd invention is characterized by coming to add yttria stabilized zirconia (YSZ) in the above- 
mentioned titanic-acid calcium layer in the 1st invention. 

[0007] 3rd invention is characterized by the addition of the above-mentioned yttria stabilized zirconia 
(YSZ) being below 10 volume % in the 2nd invention. 



http://www4.ipdl.ncipi.gojp/cgi-bin/tran_web_cgi_ejje 1/19/05 



Page 2 of 8 



[0008] The 4th invention is the thermal insulation coat of the thermophylic-proof given on the surface of 
a processed material, and is characterized by consisting of the 1st coat with which the above-mentioned 
thermal insulation coat consists of a titanic-acid calcium layer formed of the spraying process, and the 
2nd coat which consists of a yttria-stabilized-zirconia (YSZ) layer formed in the front face of the 1st 
coat of the spraying process. 

[0009] The 5th invention is the thermal insulation coat of the thermophylic-proof given on the surface of 
a processed material, and is characterized by consisting of the 1st coat with which the above-mentioned 
thermal insulation coat consists of a nickel oxide layer formed of the spraying process, and the 2nd coat 
which consists of a titanic-acid calcium layer formed in the front face of the 1st coat of the spraying 
process. 

[0010] 6th invention is characterized by the above-mentioned spraying process being a plasma metal 
spray method in invention of any one of the 1st thru/or 5. 

[001 1] 7th invention is characterized by the above-mentioned processed material being the combustion 
chamber of a gas turbine aerofoil or an internal combustion engine in invention of any one of the 1st 
thru/or 5. 

[0012] Invention of the 8th thermal insulation coat formation approach is the thermal insulation coat 
formation approach of giving the thermal insulation coat of the thermophylic-proof on the surface of a 
processed material, and is characterized by forming the coat of a titanic-acid calcium (CaTi03) layer by 
the spraying process on the surface of a processed material. 

[0013] In the 8th invention, in case the 9th invention carries out thermal spraying of the titanic-acid 
calcium to the front face of the above-mentioned processed material, it is characterized by adding yttria 
stabilized zirconia (YSZ). 

[0014] The 10th invention is the thermal insulation coat formation approach characterized by the 
addition of the above-mentioned yttria stabilized zirconia (YSZ) being below 10 volume % in the 9th 
invention. 

[0015] Invention of the 1 1th thermal insulation coat formation approach is the thermal insulation coat 
formation approach of giving the thermal insulation coat of the thermophylic-proof on the surface of a 
processed material, and after it forms in the front face of the above-mentioned processed material the 1st 
coat which consists of a titanic-acid calcium layer by the spraying process, it is characterized by forming 
in the front face of the 1st coat the 2nd coat which consists of yttria stabilized zirconia (YSZ) by the 
spraying process. 

[0016] Invention of the 12th thermal insulation coat formation approach is the thermal insulation coat 
formation approach of giving the thermal insulation coat of the thermophylic-proof on the surface of a 
processed material, and after it forms the 1st coat of a nickel oxide layer in the front face of the above- 
mentioned processed material by the spraying process, it is characterized by forming the 2nd coat of a 
titanic-acid calcium layer in the front face of the 1st coat by the spraying process. 
[0017] 13th invention is characterized by the above-mentioned spraying process being a plasma metal 
spray method in invention of any one of the 8th thru/or 12. 

[0018] 14th invention is characterized by the above-mentioned processed material being the combustion 
chamber of a gas turbine aerofoil or an internal combustion engine in invention of any 1 term of the 8th 
thru/or 13. 

[0019] Invention of the 15th gas turbine aerofoil is characterized by being obtained by the thermal 
insulation coat formation approach of any 1 of the 8th thru/or 13. 

[0020] Invention of the 16th internal combustion engine's combustion chamber is characterized by being 

obtained by the thermal insulation coat formation approach of any 1 of the 8th thru/or 13. 

[0021] 

[Embodiment of the Invention] Hereafter, although the operation gestalt of this invention is explained, 
this invention is not limited to this. 

[0022] [Gestalt of the 1st operation] drawing 1 is the schematic diagram of the thermal insulation coat 
concerning the gestalt of this operation. As shown in drawing 1 , the thermal insulation coat concerning 
the gestalt of this operation is a thermal insulation coat of the thermophylic-proof given to the front face 
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of a processed material (base material) 11, and is fonnMfigm the titanic-ac id calcium (CaTiQ3 ) layerirL 
which the above-mentioned thermal insulation coat 12 was formed of the spraying process. Calcium and 
the titanic-acid calcium (chemical formula: describe it as CaTi03 and the following CaTi03) which is 
the multiple oxide of titanium are used for the coating material which forms the above-mentioned 
titanic-acid calcium layer, and it comes to form thermal barrier coating by the plasma metal spray. 
[0023] Here, using titanic-acid calcium is based on the following points as thermal-spraying material. 

(1) Titanic-acid calcium is stable to about 1910 degrees C of the melting point, and does not cause a 
phase transformation. JI====z== rr~ -^ =r=^r~ • 

(2) T&e-c^fficient^^ 

coefficient of linear expansion (before or after 12 - 16xlO-6/K) of the metal used as a base material. 
Therefore, even if it is an elevated temperature 1000 degrees C or more, stable coating is obtained, and 
the thermal stress to generate can be reduced. That is, titanic-acid calcium has good high temperature 
oxidation stability, coefficient of linear expansion is comparatively high, and even if it is a high 
temperature service 1000 degrees C or more, it is expectable, since it is low-fever conductivity to attain 

high life-ization of a coat. 

[0024] Hg^al^ 
fonns4h^^ 

material to the base material front face-whieh is-a-processed materialrespecially-a-plasma-metal-spray 
tmethod4s-suitable~for4k^ 
[0025] Moreover, although it is not limited especially if it is for making it heat not escape in order to 
protect from heat the member used in an elevated temperature as an object which gives this thermal 
insulation coat or, it is used, for example at about 1000 degrees C, it especially uses for thermal 
insulation of the combustion chamber of the gas turbine aerofoil or internal combustion engines 
(especially diesel power plant etc.) which attain efficient-ization, and is suitable. 
[0026] Hereafter, an experiment proves the effectiveness about using titanic-acid calcium by this 
invention. 

[0027] In the example 1 of the [example 1 of trial] exam, in order to confirm that there is no volume 
change by the phase transformation also at the elevated temperature exceeding 1000 degrees C, the 
consistency change before and behind heat treatment was investigated. A trial is CaTi03 which is the 
coating material applied to the gestalt of this operation as a coating material. YSZ which is the coating 
material applied to the conventional technique as an example of a comparison was followed. Each 
coating was formed by 1mm plasma metal spray in thickness on the flat surface of a steel-for-general- 
structure (JIS SS400) plate [20mm angle xT5mm]. In advance of the above-mentioned plasma metal 
spray, on the surface of steel, thermal spraying of the aluminum layer was carried out so that it might 
become 0.5mm in thickness. Since in case it heat-treats performs [ only a coating material ], this is 
0.5mm in thickness about aluminum previously. Thermal spraying is carried out and it is CaTi03 on it. 
Or thermal spraying of each YSZ is carried out. Subsequently, CaTi03 formed in the front face of 
aluminum layer Or it dips in a NaOH water solution the whole YSZ layer. Thereby, aluminum layer is 
melted and it is CaTi03. Only the layer or the YSZ layer was taken out. Heat treatment performed each 
coating material on the conditions of 100 hours by 1400 degrees C within the electric furnace. In 
addition, density measurement is JIS. C2141 was followed. 

[0028] Moreover, in order to investigate the endurance of coating, the thermal cycling test was presented 
with each coating material. The piece of a thermal cycling test is 0.6mm in thickness about each coating 
material to the range of 100mm of middle of nickel radical heat-resistant-alloy round bar phi8 
mmxL 150mm. Thermal spraying is carried out and it is CaTi03. The layer or the YSZ layer was 
produced. After putting these in in the electric furnace and holding at 1000 degrees C for 1 hour, it took 
out from the furnace and the heat cycle of carrying out air cooling to near a room temperature was bet. 
The number of cycles which a crack and exfoliation produce compared evaluation. The result is shown 
in "Table 1." 
[0029] 
[Table 1] 
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[0030] it is shown in "Table 1" - as - CaTi03 before and behind 1400 degrees C and 100-hour 
maintenance heat treatment Consistency change and the thermal cycling test result of a layer or a YSZ 
layer are shown. The directions of the YSZ layer which is the conventional coating in consistency 
change are 5.25 g/cm3 to 5.4 g/cm3. It is CaTi03 of this invention to changing. Most directions of a 
layer are not changing. From this result, it is CaTi03. It does not generate but it turns out that a volume 
change which a coat makes produce a crack and exfoliation also at an elevated temperature is stable. 
[003 1 ] M€^&er,rheat=iesistanteyc^ 
of^ 1 ^^ 

[0032]"[Gestalt of the 2nd operation] drawing 2 is the schematic diagram of the thermal insulation coat 
concerning the gestalt of this operation. As shown in drawing 2 , the thermal insulation coat concerning 
the gestalt of this operation comes to add yttria stabilized zirconia (YSZ) in the titanic-acid calcium 
(CaTi03) layer in which it is the thermal insulation coat of the thermophylic-proof given to the front 
face of a processed material (base material) 11, and the above-mentioned thermal insulation coat 13 was 
formed of the spraying process. In order to form at least 1000 degrees C or more of stable thermal 
barrier coating in the gestalt of implementation of the above 1st, it is CaTi03 instead of YSZ. It uses. By 
the way, titanic-acid calcium (CaTi03) has somewhat high thermal conductivity compared with YSZ. 
Therefore, if coating even with an usable elevated temperature 1000 degrees C or more can be formed 
maintaining a comparatively low condition for thermal conductivity, the coat of high performance will 
be obtained more. Then, it is CaTi03 as a coating material. Specified quantity mixing of the YSZ was 
carried out, and formation of a stable thermal insulation coat was aimed at more with low-fever 
conductivity. 

[0033] Moreover, as shown in the example 2 of a trial mentioned later, as for the above-mentioned 
mixed ratio, it is desirable to carry out to below 10 volume %. In addition, although YSZ was illustrated 
with the gestalt of this operation as what has low thermal conductivity, this invention is not limited to 
this and can use suitably a zirconia system ingredient with well-known low thermal conductivity etc. 
[0034] In the example of the [example 2 of trial] exam, in order to confirm that there is no volume 
change also at the elevated temperature exceeding 1000 degrees C, the coating consistency change 
before and behind heat treatment of 1400 degrees C and 100-hour maintenance was investigated. Mixed 
coating was formed by the plasma metal spray using the powder which mixed titanic-acid calcium 
(CaTi03) and YSZ by the predetermined ratio beforehand. The mixed ratio of YSZ was made into 2, 5, 
10, and 15 or 20% by volume %, respectively. 

[0035] Thickness of the formed coat was set to 1mm. The other experiment approaches are the same as 
the example 1 of a trial. 

[0036] Next, the thermal conductivity of each coating in the above-mentioned mixed ratio was 
measured, and it checked having low-fever conductivity more. The coat with a thickness of 1mm was 
formed for each coating by the plasma metal spray on the flat surface of a steel-for-general-structure 
(JIS SS4001) plate [phi 10 mmxT5mm]. In advance of the above-mentioned plasma metal spray, on the 
surface of steel, thermal spraying of the aluminum layer was carried out so that it might become 0.5mm 
in thickness. This is CaTi03 which carried out 0.5mm thermal spraying of the aluminum in thickness 
previously, and blended YSZ of the specified quantity on it in order only for a coating material to 
perform, in case it heat-treats. Thermal spraying was carried out, it is dipping in a NaOH water solution, 
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aluminum layer was melted, and only three layers of YSZ content CaTiO were taken out. Measurement 
is JIS. C 2141 was followed. 

[0037] in order [ moreover, ] to investigate the endurance of coating — the above -- a mixing ratio — the 
thermal cycling test was presented with each coating in a rate. The thermal cycling test approach is the 
same as the example 1 of a trial. It is shown in the "Table 1" which mentioned the result above. 
[0038] it is shown in "Table 1" — as - YSZ — a mixing ratio — although a rate is [ consistency change ] 
1% or less in coating below 10 volume % — receiving — YSZ — a mixing ratio — consistency rate of 
change with the rate almost near [ coating of 15 volume % ] coating of only about 2.5 volume % and 
YSZ was shown. 

[0039] Moreover, coating with which the heat conductivity mixed YSZ is low compared with CaTi03 
100% of coating, and low-fever conductivity-ization was attained. 

[0040] moreover — if YSZ is mixed, although a heat-resistant cycle life will fall little by little as a result 
of a thermal cycling test ~ a mixing ratio — coating below rate 10 volume % can be maintaining the 
endurance of 1.8 times or more compared with the conventional YSZ coat. When it came to mixed ratio 
15 volume % and 20 volume %, considerably, endurance fell and became 1.5 or less times. These results 
show that stable thermal barrier coating is obtained with low-fever conductivity, if it is below YSZ 
mixture ratio 10 volume %. 

[0041] [Gestalt of the 3rd operation] drawing 3 is the schematic diagram of the thermal insulation coat 
concerning the gestalt of this operation. As shown in drawing 4 , the thermal insulation coat concerning 
the gestalt of this operation consists of the 1st coat 21 with which the thermal insulation coat 20 given to 
the front face of a processed material (base material) 1 1 consists of a titanic-acid calcium layer formed 
of the spraying process, and the 2nd coat 22 which consists of a yttria-stabilized-zirconia (YSZ) layer 
formed in the front face of the 1st coat 21 of the spraying process. 

[0042] When the operating environment of coating is 1000 degrees C or less, since the phase 
transformation of the YSZ is not carried out, it does not need to take into consideration the endurance 
fall by the volume change. By the way, since the coefficient-of- linear-expansion difference of YSZ with 
the metallic material used as a base material is large as mentioned above, the thermal stress to generate 
is large and a longevity life is not expectable. 

[0043] Therefore, as shown in drawing 3 , it is CaTi03 with the coefficient of linear expansion near a 
metallic material as an under coat of YSZ. It can use and improvement in endurance of coating can be 
aimed at by reducing the thermal stress generated from a coefficient-of-linear-expansion difference. 
[0044] In addition, although it considers as a bilayer with the gestalt of this operation, this invention is 
not limited to this, and it is CaTi03 which mixed YSZ like the gestalt of implementation of the above 
2nd between the 1st coat 21 and the 2nd coat 22. The 3rd coat which consists of a layer is made to infix, 
and it is good also as 3 layer structures. 

[0045] As an example 3 of the [example 3 of trial] trial, it is CaTi03 of an under coat. 0.2mm thickness 
and the YSZ layer of topcoat were formed for the layer by 0.3mm plasma metal spray. In order to 
investigate this endurance, the thermal cycling test was presented. The thermal cycling test approach 
operated it like the example 1 of a trial except having made retention temperature into 800 degrees C. 
YSZ for a comparison - coating is much more the same as the example of a comparison used in the 
example 1 of a trial. 

[0046] "Table 2" - a YSZ layer and CaTi03 bilayer coating (test piece) with a layer, and YSZ - the 

result of the thermal cycling test of coating (test piece) is further shown in "Table 2." 

[0047] 
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[0048] As shown in "Table 2", the direction of bilayer coating shows about 1.7 times as many heat- 
resistant cycle nature as this, and it became clear that the improvement in endurance was expectable. 
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[0049] [Gestalt of the 4th operation] drawing 4 is the schematic diagram of the thermal insulation coat 
concerning the gestalt of this operation. As shown in drawing 4 , the thermal insulation coat concerning 
the gestalt of this operation consists of the 1st coat 31 with which the thermal insulation coat 30 given to 
the front face of a processed material (base material) 1 1 consists of a nickel oxide layer formed of the 
spraying process, and the 2nd coat 32 which consists of a titanic-acid calcium layer formed in the front 
face of the 1st coat 31 of the spraying process. 

[0050] In order to raise the thermal insulation nature of thermal barrier coating further, how to thicken 
coating thickness can be considered. By the way, if coating thickness is thickened, since the temperature 
gradient of a coating front face and a base material interface may become large, thermal stress may 
become large and it may exfoliate, with the gestalt of this operation, it is made a multilayer and is made 
to thicken a coat. 

[0051] it is shown in drawing 4 — as — the 1st of base material side 11 — layer (following, under coat) 
31 NiO - 0.5mm plasma metal spray - carrying out - this - 0.5mm plasma metal spray of CaTi03 
made into the 2nd layer on 31 the 1st layer is carried out, and he thickens sum total thickness with 
1 .0mm, and is trying to plan a thermal insulation disposition top 
[0052] The reason for having chosen this configuration is as follows. 

(1) It is ** CaTi03 to use NiO as an under coat layer. Although thermal conductivity indicates a high 
value to be about 5 times, it is lower than a metallic material. Moreover, coefficient of linear expansion 
is about 14x10-6 /3. Since it is stable to about 1950 degrees C of near and the melting point, it is further 
suitable for the metallic material as an under coat. [ K and CaTi03 ] 

(2) CaTi03 Considering as topcoat has thermal conductivity lower than NiO, and it is because 
coefficient of linear expansion is also low. 

Therefore, it is possible to raise thermal insulation nature further also at an elevated temperature by it 
being stable and making it a thick film rather than usual. 

[0053] In order to grasp the degree on the thermal insulation disposition by thick-film-izing as an 
example 4 of the [example 4 of trial] trial, with laser, heat was made to irradiate from a coating front 
face, and the temperature of a base material was measured. The prepared test piece is bilayer coating 
(1mm of thickness, and test pieces CaTiO [ (A) and ] 3. it is coating (0.66mm of thickness) (test piece 
No.B) much more) of the CaTiO layer of this example, and a NiO layer. The plasma metal spray was 
carried out on nickel radical heat-resistant-alloy plate 30mm angle xT5mm, respectively. Heat was 
irradiated by laser on the coating front face so that it might become 800 and 1000 degrees C about 
coating skin temperature. In addition, the hole of 4mm depth was made in the core of nickel radical heat- 
resistant-alloy plate which is a base material from the background, the thermocouple was fixed to the 
hole, and the base material temperature of 1mm lower part was measured from the interface of coating 
and a base material. 

[0054] "Table 3" ~ the CaTiO layer of the example of an exam, and Ni02 Bilayer coating (1mm of 
thickness: test piece No. A), and CaTi03 1 The base material temperature at the time of laser heating of 
layer coating (0.5mm of thickness: test piece No.B) is shown in "Table 3." 



[0055] 
Table 2 


l 


BUfett 






A 


702 | 823 


B 


743 897 



[0056] As shown in "Table 3", the direction of a test piece A thickens thickness and mother agent 
temperature can be suppressed low. This example is understood that the effectiveness of protecting a 
base material from heat is large. 

[0057] Moreover, in order to grasp the endurance of coating of the example of an exam, the thermal 
cycling test was performed. Having prepared makes thickness the same as 1mm, and a test piece is 
CaTi03 of this example. Bilayer coating (test piece No.a) of a layer and a NiO layer, and CaTi03 Two 
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of coatings (test piece No.b) were prepared further. 

[0058] The piece of a thermal cycling test carried out thermal spraying of each coating material to the 
range of 100mm of nickel radical heat-resistant-alloy round bar phi8mm xL 150mm middle, and 
produced it in it. After putting these in in the electric furnace and holding at 1000 degrees C for 1 hour, 
it took out from the furnace and the cycle of carrying out air cooling to near a room temperature was bet. 
The number of cycles which a crack and exfoliation produce compared evaluation. The result of this 
thermal cycling test is shown in "Table 4." 
[0059] 







a 


3880 


! b 


2010 



[0060] As shown in "Table 4", the direction of the test piece a of the example of an exam showed about 
1 .8 times as many heat-resistant cycle nature as a test piece b. Coming out further and thickening by 
this, had the bad influence on endurance, and it became clear that endurance could be raised because 
make it a bilayer like the example of an exam and coefficient of linear expansion adopts coating near a 
parent metal. 
[0061] 

[Effect of the Invention] As mentioned above, since it is the thermal insulation coat of the thermophylic- 
proof which is given on the surface of a processed material according to the 1st invention as explained, 
and it is the titanic-acid calcium (CaTi03) layer in which the above-mentioned thermal insulation coat 
was formed of the spraying process, even if it is a high temperature service 1000 degrees C or more, 
high life-ization of a coat can be attained. 

[0062] According to the 2nd invention, in the 1st invention, since it comes to add yttria stabilized 
zirconia (YSZ) in the above-mentioned titanic-acid calcium layer, formation of a stable thermal 
insulation coat can be aimed at with low-fever conductivity rather than the 1st invention. 
[0063] According to the 3rd invention, in the 2nd invention, since the addition of the above-mentioned 
yttria stabilized zirconia (YSZ) is below 10 volume %, stable thermal barrier coating can be obtained 
with low-fever conductivity. 

[0064] Since according to the 4th invention it is the thermal insulation coat of the thermophylic-proof 
given on the surface of a processed material and consists of the 1st coat with which the above-mentioned 
thermal insulation coat consists of a titanic-acid calcium layer formed of the spraying process, and the 
2nd coat which consists of a yttria-stabilized-zirconia (YSZ) layer formed in the front face of the 1st 
coat of the spraying process, the thermal stress generated from a coefficient-of-linear-expansion 
difference can be reduced, and improvement in endurance of coating can be aimed at. 
[0065] According to the 5th invention, it is the thermal insulation coat of the thermophylic-proof given 
on the surface of a processed material, and since it consists of the 1st coat with which the above- 
mentioned thermal insulation coat consists of a nickel oxide layer formed of the spraying process, and 
the 2nd coat which consists of a titanic-acid calcium layer formed in the front face of the 1st coat of the 
spraying process, thermal insulation nature can be raised further. 

[0066] According to the 6th invention, in invention of any one of the 1st thru/or 5, since the above- 
mentioned spraying process is a plasma metal spray method, efficient thermal spraying becomes 
possible. 

[0067] According to the 7th invention, in invention of any one of the 1st thru/or 5, since the above- 
mentioned processed material is the combustion chamber of a gas turbine aerofoil or an internal 
combustion engine, efficient-ization can be attained. 

[0068] According to invention of the 8th thermal insulation coat formation approach, it is the thermal 
insulation coat formation approach of giving the thermal insulation coat of the thermophylic-proof on 
the surface of a processed material, and since the coat of a titanic-acid calcium (CaTi03) layer is formed 
by the spraying process on the surface of a processed material, even if it is a high temperature service 
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1000 degrees C or more, high life-ization of a coat can be attained. 

[0069] Since according to the 9th invention yttria stabilized zirconia (YSZ) is added in the 8th invention 
in case thermal spraying of the titanic-acid calcium is carried out to the front face of the above- 
mentioned processed material, formation of a stable thermal insulation coat can be aimed at with low- 
fever conductivity rather than the 1st invention. 

[0070] According to the 10th invention, in the 9th invention, since the addition of the above-mentioned 
yttria stabilized zirconia (YSZ) is below 10 volume %, stable thermal barrier coating can be obtained 
with low-fever conductivity. 

[0071] According to invention of the 1 1th thermal insulation coat formation approach, it is the thermal 
insulation coat formation approach of giving the thermal insulation coat of the thermophylic-proof on 
the surface of a processed material. Since the 2nd coat which consists of yttria stabilized zirconia (YSZ) 
is formed in the front face of the 1st coat by the spraying process after forming in the front face of the 
above-mentioned processed material the 1st coat which consists of a titanic-acid calcium layer by the 
spraying process The thermal stress generated from a coefficient-of-linear-expansion difference can be 
reduced, and improvement in endurance of coating can be aimed at. 

[0072] According to invention of the 12th thermal insulation coat formation approach, it is the thermal 
insulation coat formation approach of giving the thermal insulation coat of the thermophylic-proof on 
the surface of a processed material, and since the 2nd coat of a titanic-acid calcium layer is formed in the 
front face of the 1st coat by the spraying process after forming the 1st coat of a nickel oxide layer in the 
front face of the above-mentioned processed material by the spraying process, thermal insulation nature 
can be raised further. 

[0073] According to the 13th invention, in invention of any one of the 8th thru/or 12, since the above- 
mentioned spraying process is a plasma metal spray method, efficient thermal spraying becomes 
possible. 

[0074] According to the 14th invention, in invention of any 1 term of the 8th thru/or 13, since the above- 
mentioned processed material is the combustion chamber of a gas turbine aerofoil or an internal 
combustion engine, efficient-ization can be attained. 

[0075] According to invention of the 15th gas turbine aerofoil, since it is obtained by the thermal 
insulation coat formation approach of any 1 of the 8th thru/or 13, efficient-ization can be attained. 
[0076] According to invention of the 16th internal combustion engine's combustion chamber, since it is 
obtained by the thermal insulation coat formation approach of any 1 of the 8th thru/or 13, efficient- 
ization can be attained. 



[Translation done.] 
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